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Biodiversity is important for sustaining life on Earth yet it is threatened globally. The BIOTA 
Southern Africa project analysed the causes, trends, and processes of change in biodiversity in 
Namibia and western South Africa over nearly a full decade, from 2001 until 2010. This book, 
which is comprised of three volumes, offers a summary of the results from the many and diverse 
subprojects during this fi rst period of long-term observation and related research, at both local 
and regional scales, and with a focus on sustainable land management options for the region.
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sEvaluation of the soil degradation state along fence-line contrasts
ALEXANDER GRÖNGRÖFT*, DENISE MAGER, TANYA MEDINSKI, ANTHONY MILLS, ANDREAS PETERSEN & ANNETTE ESCHENBACH
This approach has been used to study plant 
diversity and communities in rangelands 
(Todd & Hoffman 1999, 2009), pollina-
tion of bees (Mayer 2005), soil nutrient 
status (Allsopp 1999), soil organic matter 
(Mills & Fey 2004a) and rangeland condi-
tions (Zimmermann 2009).
Heavy grazing may result in changes 
in plant biodiversity, and in soil physical 
and chemical properties (Milchunas & 
Lauenroth 1993). For example, intensive 
grazing may lead to shifts from perennial 
plants to annuals, an increase of unpal-
atable or even poisonous plants (Todd & 
Hoffman 1999), or a shift in the popula-
tion of small mammals (Hoffmann & 
Zeller 2005). Among the soil properties 
likely to be affected by varying grazing 
intensity are: total and available carbon, 
available nitrogen and phosphorus, mac-
ro (Ca, K, Mg, Na) and trace elements 
(Fe, B, Cu, etc.), pH, electrical conduc-
tivity, soil structure, bulk density and ag-
gregate stability (e.g. Ayuba 2001). 
Furthermore, grazing animals may 
affect soil infi ltration by breaking soil 
cidental approach’ (Zimmermann 2009) 
is time-effi cient and the ecological effects 
of different management strategies can of-
ten be elaborated with suffi cient precision 
even when applied to different systems. 
Introduction
Based on the hypothesis that both sides 
of a fence-line initially had identical soil 
and ecological conditions, the study of 
systems adjacent to fence-lines can be 
approached by investigating the type and 
intensity of landuse in the study area. This 
can be done through two approaches: a) 
studying of systems with controlled land-
use impacts in an experimental design on 
one or both sides of the fence; and b) an 
investigation of systems with obvious 
fence-line contrasts, where the difference 
in landuse practice is determined by local 
landusers. There are pros and cons to each 
approach. The advantage of the fi rst ap-
proach is that the infl uence of landuse can 
be quantifi ed empirically; however, the 
time needed to achieve ecological equi-
librium may be in the dimension of dec-
ades. Where clear fence-line contrasts are 
observed (i.e. differing vegetation com-
position or structure), it is often diffi cult 
to obtain reliable information on the past 
and present landuse management for both 
sides of the fence. Nevertheless, this ‘in-
Summary: Five pairs of Observatories with contrasting landuse types and/
or landuse intensities, located in the Woodland Savanna, Thornbush Savanna, 
Nama Karoo, and Succulent Karoo biomes were investigated to examine the 
infl uence of landuse on soil properties. To eliminate local characteristics, the 
comparison was conducted using the predominant soil types in each pair of 
Observatories. For the Woodland Savanna in the Kavango Woodlands, topsoil 
properties were statistically different in relation to varying fi re frequency (in-
creased water soluble ions, C/N-ratio, exchangeable potassium with higher fi re 
frequency). For all other pairs of Observatories, contrasting grazing intensi-
ties resulted in some signifi cant differences in topsoil properties. In general, 
increased grazing led to higher pH-values and water soluble sodium concentra-
tions in all regions. It is concluded that these differences are related to shifts 
in topsoil hydrology as a consequence of lower vegetation coverage. The use 
of soil pH and water soluble cation concentration is predicted to be important 
indicators for future rangeland monitoring.
Fig. 1: Landscape with obvious fence-line contrast (BIOTA Observatories S39/S40, higher 
grazing intensity on right side).








reserves, water holding capacity or tem-
perature buffering potential. The study 
of a broad range of soil properties in 
landscapes with fence-line contrasts may 
thus be used for monitoring of landuse 
impacts (Gröngröft et al. 2006) and the 
development of comprehensive restora-




As discussed in Volume 1, Part I, exist-
ing fence-line contrasts was one criterion 
for the selection of the BIOTA Observa-
tories. The study of fence-line contrasts 
was carried out in fi ve biomes: Oshana 
region (special part of the Woodland Sa-
vanna), Woodland Savanna of the Ka-
resulted in a signifi cant decline in to-
tal nitrogen, cation exchange capacity, 
exchangeable Ca and Mg, and in a sig-
nifi cant enrichment in organic C and 
available P. In another study in the Ne-
gev, Stavi et al. (2008) found no effect of 
grazing on mean soil properties but rather 
an increase in their spatial heterogeneity. 
Whether the effect of grazing on eco-
system functioning may be reversed, or 
whether it potentially drives the system 
beyond its resilience, is not clear yet. In 
each particular case it is likely to depend 
on veld conditions and grazing pressure.
It remains to be determined whether 
soil properties in landscapes with fence-
line contrasts in south western Africa 
are sensitive to different landuse man-
agement. This knowledge is important 
because soil properties form the abiotic 
backbone of plant growth, e.g. nutrient 
crusts as well as compacting soils. Break-
ing of crusts may promote infi ltration and 
aeration, while compaction may reduce 
soil pore size and infi ltration (Toit 2009). 
In addition, soil infi ltration is correlated 
to other soil properties, such as pH, elec-
trical conductivity, soil nutrient content 
(e.g. Ca and Na), and aggregate stabil-
ity. Changes in the above soil properties 
may change infi ltration. For example, 
overgrazing could result in lower Ca and 
organic matter returns to soil. This would 
increase soil dispersion, and as a result 
reduce infi ltration and ultimately reduce 
soil quality (Mills & Fey 2003).
Recent research has yielded new insights 
into the grazing effect on soil nutrients. 
For example, studies in a woodland sa-
vanna in Nigeria have shown consider-
able changes in soil properties in grazed 
areas (Ayuba 2001). Intensive grazing 
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are similar (88 and 80% respectively). 
Pairs from the Nama and Succulent Ka-
roo have to be highlighted as their habi-
tats have the lowest S values, with only 
50 to 64% of the soil profi les having an 
overlap in classifi cation. The low similar-
ity of soil type distribution for the Oshana 
region is caused by the strong differen-
tiation of saline soils in the WRB (FAO 
2006a).
Differences in soil properties
In general, differences in soil properties 
are observed for all paired Observatories. 
Nevertheless, these differences are of 
varying magnitude (Table 3). These dif-
ferences can be summarised as follows 
(L indicating lower, H for higher landuse 
intensity):
 • Oshana region (analysed data incom-
plete): signifi cant elevated topsoil pH 
values were observed on the fence side 
with higher landuse intensity (p < 0.05; 
median value in H2O L 6.0 and H 6.6, 
see Fig. 2). Additionally, the topsoil or-
ganic carbon (Fig. 3) and total nitrogen 
were lower on that side. 
 • For the Woodland Savanna, the com-
parison resulted in some differences in 
the total elemental composition of the 
topsoils (Na and K lower on side H). 
Although the sandy substrate seems 
to be very homogenous, these differ-
ences indicate some minor trends in 
the mineralogical composition. On the 
communal area (H), the concentrations 
of soluble ions (e.g. Na, Cl, SO4) and 
electrical conductivity were higher. 
Additionally, the exchangeable K con-
tent of the topsoil was signifi cantly 
higher on the communal area (median 
values L 0.82; H 2.35 mmolc kg
-1). Soil 
acidity and C/N-ratio were also higher 
in the communal area compared to the 
fence were compared using the t-test for 
independent variables. Statistical analy-
ses were carried out using SPSS 16.0 and 
Statistica 9 for Windows. To avoid the 
infl uence of differing soil composition in 
both samples compared, only those soil 
profi les were included in the t-tests, which 
are dominant on both areas. These were 
Episalic Solonetz for the Oshana region, 
Ferralic Arenosol (Dystric) for the Wood-
land Savanna, Hypercalcic Calcisol for 
the Thornbush Savanna, Regosols for the 
Nama Karoo, and Leptosols for the Suc-
culent Karoo.
In order to evaluate the similarity be-
tween these pairs of Observatories, the 
Renkonen “percentage similarity” index 
(1938, cited in Wolda 1981) for habitat 










where S as the similarity index, pi1 as the 
proportion of unit i of area 1, pi2 propor-
tion of unit i of area 2, and n as the total 
number of units. The application of the 
test to the similarity of soil type distribu-
tion was based on the soil units acc. to 
WRB (World Reference Base for Soil 
Resources; FAO 2006a) with two addi-
tional qualifi ers, where the prefi x quali-
fi ers were regarded as dominant to the 
suffi x qualifi ers.
Results
Site comparison
The comparison between landscape 
structure and soil type for the different 
pairs of Observatories is shown in Ta-
ble 2. According to the Renkonen simi-
larity index, habitat distribution and soil 
type distribution of Thornbush Savanna 
vango, Thornbush Savanna, Nama Ka-
roo (all Namibia), and Succulent Karoo 
(South Africa). The fi ve pairs of Observa-
tories are described in detail in (Volume 
1, Part I). Table 1 lists the relevant site 
characteristics. For each pair, differences 
in landuse intensity at both sides of the 
fence could be addressed. For four pairs, 
the difference resulted from grazing pres-
sure, and for the Woodland Savanna site, 
the fi re frequency on both sides of the 
fence differs.
Sampling and analytical             
procedures
As described in Volume 1, Part I, soils 
on the BIOTA Observatories were inves-
tigated with a standardised procedure. 
The general characteristics of the meth-
odological approach were: site selection 
by a stratifi ed random procedure, soil de-
scription and classifi cation acc. to FAO 
(1998, 2006a, b), profi les at 4 m south 
of ha-centre points, sampling of all ho-
rizons, laboratory analyses of numerous 
soil variables (details are given in Jürgens 
et al., submitted, and Petersen 2008). 
Composite soil surface (2 cm depth) 
samples (comprising 12 subsamples) 
were also collected on the border of 
10 x 10 m2 plots situated within the 
centres of the 10,000 m2 blocks using a 
grouting trowel. An infi ltrability index 
(hereafter referred to as infi ltrability) 
was determined on these samples using a 
rapid laboratory syringe method (Mills & 
Fey 2004b). This method involves leach-
ing of an agitated 1:5 soil-water suspen-
sion through a packed soil column. The 
results correlate strongly with a rainfall 
simulation method, although infi ltrabil-
ity through a syringe is approximately 10 
times greater than rainfall simulation and 
is therefore not directly comparable with 
infi ltration in the fi eld. It, however, can 
provide an index of the inherent crusting 
tendency of the soil, which is a function 
of a number of soil properties, such as 
soil particle size distribution, electrical 
conductivity, pH, and clay mineralogy 
(Mills et al. 2006).
Statistical tests
The pairs of fence-line Observatories were 
compared with respect to landscape struc-











similarity of habitat 
distribution  0.85 0.76 0.88 0.75 0.74 
similarity of soil 
type distribution 0.32 0.96 0.80 0.50 0.64 
 
Table 2: Comparison of landscape structure and soil communities according to the Renko-
nen similarity index








research farm. An interesting fi nding 
is that K availability increased with 
increasing landuse intensity, while the 
total K signifi cantly decreased.
 • For the pair of Observatories in the 
Thornbush Savanna a signifi cant el-
evated level of topsoil alkalinity, inor-
ganic carbon, total and exchangeable 
Ca, and CEC (cation exchange capac-
ity) were observed with higher grazing 
pressure. This shift in topsoil condi-
tions was accompanied by a difference 
in cations availability. While the con-
tent of total and exchangeable Ca and 
the CEC increased signifi cantly, the 
exchangeable K, Mg and Na content 
decreased. In addition, P availability 
decreased and organic carbon content 
increased (median L 0.59; H 0.77%) 
however, these differences were not 
signifi cant. The amount of soluble 
nitrate decreased, whereas total N as 
well as the C/N-ratio did not change 
signifi cantly with increasing grazing 
intensity.
 • Nama Karoo: due to the history of 
overgrazing in the communal area, a 
signifi cant increase in topsoil pH (me-
dian values pH in H2O L 6.9; H 7.6; 
Fig. 2), soluble and exchangeable Na 
(Fig. 4) and a reduction in Mg avail-
ability were found. 
 • The topsoils of the two Observatories 
in the Succulent Karoo are character-
ised by differences in the soluble salt 
concentration. Here, the stronger graz-
ing resulted in signifi cant increases of 
electrical conductivity (median L 57; 
H 109 μS cm-1), corresponding to more 
water soluble Ca, Mg and sums of cati-
ons and anions. Also exchangeable Mg 
increased.
No signifi cant differences between 
paired Observatories were found for in-
fi ltrability.
Discussion
Landuse impact on soil properties
Differences in landuse between paired 
Observatories were most prominent in 
the Kavango woodlands, probably being 
related to regular bush fi res as opposed 
to grazing intensity. For example, the in-
crease in C/N-ratio in the topsoil (Fig. 5) 
Fig. 2: Topsoil pH distribution for fi ve pairs of Observatories (L: low, H: high landuse inten-
sity).
Fig. 3: Topsoil organic carbon distribution for fi ve pairs of Observatories (L: low, H: high 
landuse intensity).
Fig. 4: Topsoil water extractable sodium distribution for fi ve pairs of Observatories (L: low, 
H: high landuse intensity).








and vegetation distribution, but also the 
communal area has substantially more 
soil erosion than the governmental re-
search farm. Differences are not only due 
to the grazing impact but also relate to the 
geomorphology of the area (catchment of 
runoff and downward slope). Although 
the comparisons are based on profi les 
with identical soil types, there may be 
natural trends in the landscape. Herpel 
(2008), who did a detailed small-scale 
study of topsoil variability, attributed the 
grazing infl uence to a stronger pronunci-
ation of shrub - open soil differentiation, 
detected for the topsoil organic carbon, 
total nitrogen and electrical conductivity 
values. Herpel’s fi ndings indicate, that 
irrespectively of observed differences, 
carbon, and although total nitrogen con-
tent was reduced, it was not statistically 
signifi cant. The difference in the topsoil 
organic matter content may not be signifi -
cant because the reference area was also 
affected by rare fi res.
The general problem with studying 
grazing effects by the ‘incidental ap-
proach’ is the uncertainty regarding the 
similarity of preconditions on both sides 
of the fence. For instance, the location in 
the Nama Karoo is most likely the result 
of a fi rst rough appraisal of the landscape 
by primary colonists, who decided to 
leave the lower productive area to the 
North—now the communal area—out 
of production. Currently, both areas dif-
fer not only in different grazing intensity 
compared to background levels is a typi-
cal indicator of an increase in charcoal as 
a result of incomplete burning of the bio-
mass. This effect is especially prominent 
in soils with low organic matter content 
in the topsoil (dystric Arenosols) where 
more samples were affected by this infl u-
ence in the communal area. Additionally, 
the increase in pH as well as K avail-
ability on the communal area (Fig. 6) in 
relation to the better fi re-protected area 
and caused by ash accumulation after ac-
cidental fi res has also been observed in 
other regions (Snyman 2003).
Contradictory to the fi ndings of some 
other studies (Bird et al. 2000, Mills & 
Fey 2004a), the regular bush-fi res did 













Number of profiles (L/H)  13/11 13/15 14/14 10/10 19/15 
pH (in H2O and in CaCl2)  < 0.05 < 0.1* < 0.05** < 0.1   
Electric. Cond. (1:5 extract)        < 0.05 
Water soluble anions  Cl < 0.1  SO4 < 0.05 
NO3 < 0.1      
Water soluble cations  Na < 0.05    Mg < 0.05  Na < 0.1 
Ca < 0.05 
Mg < 0.1 
Inorganic Carbon     < 0.05     
Organic Carbon  < 0.05         
Total Nitrogen < 0.05         
C/N-ratio < 0.05 < 0.05       
Plant available K  < 0.1      
Plant available P         
Exchangeable K  < 0.01 < 0.1     
Exchangeable Na    < 0.1 < 0.1   
Exchangeable Mg    < 0.05 < 0.01* < 0.1 
Exchangeable Ca    < 0.01     
Total exchangeable cations    < 0.05     
Total micronutrient concentration 
(B, Cu, Fe, Mo, Mn, Zn)    Zn <0.05 Mn, Zn < 0.1 
Mn < 0.1 
Zn < 0.05 
Total macroelement concentration  Na < 0.1 K < 0.05  
Na < 0.01  
Ca < 0.05 
Mg < 0.01  
Fe < 0.05  
Infiltrability      
blue color indicates a significant decrease in soil properties content/values with increase in landuse intensity; red color indicates a 
significant increase with increase in landuse intensity;   gray shade  indicates that no data are available. 
 
Table 3: Results of the comparisons of sample means of site specifi c soil properties of biomes with a high and low landuse intensity (un-
paired t-test, p given, profi les with identical typology)








tection of signifi cant fence-line contrasts 
in landscapes with this extraordinary vari-
ability needs an adapted sampling design, 
in any case a larger sample size as pre-
sented here. Therefore, topsoil differenc-
es between both sides of the fence might 
exist, which could not been detected yet.
The results on the role of grazing on 
dryland soil properties seem to be related 
to the shift in topsoil hydrology. With 
the reduction of vegetation cover and the 
conversion to more annual plants, more 
evaporation is promoted, resulting in an 
increased accumulation of salts in the 
soil. Sodium is generally accumulated in 
overgrazed topsoil and has a strong infl u-
ence on the pH-value. The accumulation 
of Na may lead to a reduction in Mg, but 
this shift may also be related to plant 
composition and nutrient demands. 
It cannot be concluded from the pre-
sented data alone whether soil proper-
ties have exceeded their resilience. The 
reduction in vegetation cover through 
overgrazing may increase soil erosion, 
an effect, which could be observed at 
both the Nama Karoo and Succulent Ka-
roo sites. Prevailing sheet erosion may 
infl uence topsoil chemical properties, 
however, whether rill or gully erosion is 
only restricted to a small surface area or 
spreads wider, is not evident from this 
study. For the Oshana and the Thornbush 
Savanna area, the on-site observations do 
not reveal a non-reversible change in soil 
conditions. 
The use of soil properties as robust in-
dicators of land degradation often lacks 
suffi cient data (Klintenberg & Seely 
2004). Nevertheless, soil properties are 
considered useful indicators of environ-
mental degradation, e.g. the soil nutrient 
level and organic matter content (soil fer-
tility surveys), the extent and severity of 
erosion, the accumulation of pesticides 
and residues (measured by microbial 
activity) and salinity (MET 2001). This 
study shows the importance of using pH 
and water soluble cation concentration 
as useful indicators for future rangeland 
monitoring. For topsoil, the effort of sam-
pling and analyses is comparably low and 
thus the production of large datasets is 
possible. Keeping the strong soil hetero-
geneity in mind, inexpensive and stand-
ardised indicators with suffi ciently high 
resulted in highest diversity indices for 
the Succulent Karoo sites. For these sites, 
Petersen (2008) found 11 and 16 differ-
ent soil units for the low and high grazing 
intensity area, respectively. This diversity 
is combined with a strong variability in 
topsoil properties such as pH, electrical 
conductivity and organic carbon. The de-
there may also be other signifi cant con-
trasts related to the small-scale spatial 
heterogeneity of the area (see Stavi et al. 
2008). 
The medium-scale variability within 
the areas is another factor in producing 
signifi cant differences with a manage-
able effort. The pedodiversity analysis 
Fig. 5: Correlation between topsoil nitrogen and organic carbon contents at sites with differ-
ent fi re histories (Woodland Savanna).
Fig. 6: Correlation between topsoil potassium and pH at sites with different fi re histories 
(Woodland Savanna).
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sensitivity to the tested degradation-relat-
ed processes are needed. Both arguments 
favour the application of these indicators. 
By comparing different management 
strategies within one area, benchmarks 
sites can be used to obtain a background 
level as indicator values and thus classify 
the status of soils for large areas.
In summary, whether landuse intensity 
has caused increased soil erosion and 
land degradation is still under debate. A 
decrease in vegetation cover, however, 
could ultimately lead to an increase in 
soil erosion (Lal 2001). Ultimately, in-
creased soil erosion would also be related 
to a decrease in soil stability and fertility. 
Different studies have aimed at better un-
derstanding of ecosystem changes at dif-
ferent grazing disturbances (Ayuba 2001, 
Stavi et al. 2008), however, drylands 
have been notable for their resilience, of-
ten recovering rapidly from disturbanc-
es. This implies that ecological changes 
have occurred independent of soil water 
and nutrient availability. Further studies 
are still needed to better understand dry-
land surface processes that could lead to 
the development of management plans to 
improve the sustainability of pastoralism 
in Southern Africa.
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